We have performed the study of electrochemical properties of the spinel Li 4 Ti 5 O 12 anode materials in Li-ion batteries. The Li 4 Ti 5 O 12 was successfully synthesized by a solid state reaction method at different temperatures according to the Li 4 Ti 5 O 12 cubic spinel phase structure. The synthesized samples were characterized by X-ray diffraction (XRD). In this study, we used a first principle method, based on the density functional theory to explore electronic structure. We have shown that the Li 4 Ti 5 O 12 anode material exhibits an insulating behavior with the band gap of 3.3 eV and the Li 7 Ti 5 O 12 becomes metallic as Li atoms inserted in Li 4 Ti 5 O 12 anode material.
Introduction
Li 4 Ti 5 O 12 compound is known for its very good electrochemical performance as anode material for lithium ion batteries. It possesses advantages such as good safety, environmental friendliness, and good cycling performance. Li 4 Ti 5 O 12 has been identified as a zero-strain anode material [1] . The material exhibits minimal change in cell volume upon intercalation and de-intercalation (less than 1%), which helps maintain its structural stability, and it also has good thermal stability [2] .Li 4 Ti 5 O 12 spinel is a very interesting intercalation compound with potential applications as electrode material for Li ion batteries [3] . The compound has a cubic structure with space group symmetry Fd3m. Within the spinel structure, lithium atoms occupy all the 8a sites and 1/6 of the 16d sites, while the remaining 5/6 of the 16d sites aretaken by Ti atoms and all the 32e sites are occupied with O atoms. So this structure is always denoted as [Li 3 3 (Ti/Li = 5:4) were mixed in ethanol (99.9%). After ball milling for 10 h, the mixed slurry was oven-dried at 80℃. In order to obtain the final Li 4 Ti 5 O 12 , the mixed precursors were heat-treated at 800, 850, 900, and 1000℃for some time under air atmosphere. The synthesized samples were characterized by X-ray diffraction (XRD).
Our calculation part is based on the plane wave self-consistent field (PWscf) method using the generalized gradient approximation (GGA) by Perdew, Burke and Enzerhof (PBE) [5] within the framework of density functional theory (DFT) [6, 7] as implemented in the QUANTUM ESPRESSO package [8] ) for atoms. The interaction between the ions and valence electrons is expressed as the ultrasoft pseudopotential [9] . The wave functions are expressed as plane waves up to a kinetic energy cutoff of 30 Ry. The summation of charge densities is done using the special k-points generated by the 5 x 5 x 5
Monkhorst-Pack meshes [10] . We used the tetrahedral method [11] when we evaluate the electronic density of state (DOS). For the self-consistent cycle the total energy convergence is 10 -4 eV. The occupation numbers of electrons are expressed Gaussian distribution function with an electronic temperature of kT = 0.001 Ry. The atomic ionic positions are relaxed at the fixed lattice parameters until the residual forces are less than 0.05 eV/Å.
(a) (b) Average intercalation voltage. -The average intercalation voltage can be obtained from an ab initio calculation using the Nernst equation according to Eq. (1) [12] .
Where, n is the number of electrons being transferred during the intercalation process, F is the Faraday constant, G  is the Gibbs free energy ( G E T S P V        ). The intercalation potential can be approximated as given in Eq. (2):
The change in internal energy E  of intercalation between 
The calculated results indicate that the average voltage of lithiation/delithiation in relevant electrode materials can be obtained by calculating the total energy differences before and after electrochemical reactions. The average intercalation voltage of 1.9V during charging/discharging were obtained. Our results are summarized in the Table II. All the predicted structural and electrochemical properties agree closely with the experimental findings in literature. 
